A century ago the classical physics couldn't explain many atomic physical phenomena. Now the situation has changed. It's because within the framework of classical physics with the help of Maxwell's equations we can derive Schrödinger's equation, which is the foundation of quantum physics. The equations for energy, momentum, frequency and wavelength of the electromagnetic wave in the atom are derived using the model of atom by analogy with the transmission line. The action constant A 0 = (μ 0 /ε 0 ) 1/2 s 0 2 e 2 is a key term in the above mentioned equations. Besides the other well-known constants, the only unknown constant in the last expression is a structural constant of the atom s 0 . We have found that the value of this constant is 8.277 56 and that it shows up as a link between macroscopic and atomic world. After calculating this constant we get the theory of atoms based on Maxwell's and Lorentz equations only. This theory does not require knowledge of Planck's constant h, which is replaced with theoretically derived action constant A 0 , while the replacement for the fine structure constant α −1 is theoretically derived expression 2s 0 2 = 137.036. So, the structural constant s 0 replaces both constants h and α. This paper also defines the stationary states of atoms and shows that the maximal atomic number is equal to Z max = 137. The presented model of the atoms covers three of the four fundamental interactions, namely the electromagnetic, weak and strong interactions.
Introduction
During the whole of twentieth century physics has mostly been searching for answers to fundamental questions of matter, primarily the relationship between waves and particles. Discussions on this have not yet been completed. It is believed that natural laws are exactly the same in the macro and micro world.
But this general approach to the macroscopic and microscopic scale seemed questionable in the case of Maxwell's equations. In fact, Maxwell's equations have reached excellent results in the macroscopic scale. Their ap-plication in the microscopic scale at first glances seemed disappointing. Actually, Maxwell's equations previously couldn't explain stability of atoms (with respect to the radiation energy of those particles which are moving with acceleration), the periodic table of elements, the chemical bond, the discrete excitation energies of atoms and their energetic state, the ionization of atoms, the spectra, including its fine structure and transition rules, experimental evidence about X-ray spectra and the behavior of atoms in electric and magnetic fields, as well as the properties of matter in solid state. That was the reason why classical physics failed when applied to the atomic area, i.e., to the area of nanometers or below. Thus entire physics divided into two branches, namely, traditional, classical physics and new, quantum physics.
Despite the uncertain physical meaning of the wave function ψ at the famous Schrödinger's equation, ∇ 2 ψ + 8π 2 m(W-U)ψ/h 2 = 0, the equation has played an important role in the development of quantum physics. The wave function ψ(x,y,z) = ψ(r) is the solution of the Schrödinger equation, i.e., it is a mathematical expression involving coordinates (x,y,z) of a particle in space, or expressed as a vector r = xi + yj + zk, where i, j and k are unit vectors in the Cartesian coordinates (all vectors below are bold cursive letters). If we solved the Schrödinger equation for a particle in a given system then, depending on the boundary condition, the solution is a set of allowed wave functions of the particle, each corresponding to an allowed energy level. The usual interpretation of the wave function ψ is that the square of its absolute value, i.e. |ψ| 2 , at a given point is proportional to the probability of finding the particle in a small element of volume, dxdydz, at that point. All of this was obtained without the use of Maxwell's equations, in the early twentieth century.
However, after the explanation of radiation [1] [2] [3] [4] , Maxwell's equations can now contribute to modern physics much more than before. From Maxwell's equations we derive Schrödinger's equation, which is the basis of quantum physics. New findings may lead to a new interpretation of Schrödinger's equation.
The meaning of physical quantities in Maxwell's equations is completely clear. Therefore, the meanings of the wave functions of these equations, which are derived from Maxwell's equations, are also completely clear.
This paper describes many atomic phenomena with the help of classical physics and shows how Schrödin-ger's equation is obtained by using Maxwell's equations. In this way, the above-mentioned disadvantages of classical physics can now be explained in the framework of classical physics.
Derivation of Wave Equations

Wave Equation in the Atom
Maxwell's equations are the four differential equations describing the space and time, i.e., (r, t), dependence of the electromagnetic field [5] [6] [7] [8] [9] [10] :
Gauss's law for electric flux (electric flux begins and ends on charge or at infinity);
Gauss's law for magnetism (where magnetic field lines have no beginning or end);
Faraday's law of electromagnetic induction; a changing B produce E;
Ampère's circuital law (with Maxwell's correction); H is produced by current J and by changing D;
where D is electric displacement, E is electric field strength, B is magnetic flux density, H is the magnetic field strength, ρ is volume charge density, and J is electric current density. Differential Hamilton's operator x y z ∂ ∂ + ∂ ∂ + ∂ ∂ / / / ∇ =i j k is called "del" or "nabla" operator is a symbolically vector. There are a total of 16 variables in (1a)-(1d) (the 15 components of five vectors E, D, B, H, J, and the scalar ρ). If the source densities ρ and J are given (four known variables) there still remain 12 unknown variables. There are, however, eight equations; one from (1a), one from (1b), and three for components in (1c) and (1d) each. Obviously, to make this system determinate we need additional relations.
For a completely linear medium there are constitutive relations describing the properties of the media in which the fields exist: D = εE, B = µH, J = gE, where ε is permittivity, ε = ε r ε 0 , where ε r is relative permittivity, ε 0 is permittivity of free space, µ is permeability, µ=µ r µ 0 , where µ r is relative permeability, µ 0 is permeability of free space, and g is the conductivity of the media. Hence [without writing (r, t) which is implied] Maxwell equations become:
Gauss's law for electric flux;
Gauss's law for magnetism;
Faraday's law;
Ampère's law;
1) Let's take curl on Faraday's law, i.e., on Equation (2c):
On the other hand, for each vector E the following is true:
and the substitution in Equation (3) Ampere's law from Equation (2d) gives:
where del-squared
is an operator called the Laplacian. Now in Equation (5) add Gauss's law for electric flux, i.e., Equation (2a), and J = gE:
2) Let's take curl on Ampère's law, i.e., on Equation (2d):
On the other hand, for each vector B the following is true:
Using J = gE here gives:
Including Faraday's law from Equation (2c) into Equation (9) we get:
Using Equations (2b), i.e., 0 = B ∇ ⋅ , and B = µH, and after sharing with µ, we get from Equation (10) we
where, [9] , r 0 em
and
is phase velocity of electromagnetic wave, where λ is the wavelength and ν is the frequency of the wave.
When processing the previous wave equations, there were no requirements that would exclude atoms. So you should take that Equations (14) and (15) are valid within the atom.
Wave Equation on Lecher's Line
Maxwell's equations and Kirchhoff's laws, [11, 12] 
where L' is inductance of Lecher's line per unit length, and C' is its capacitance per unit length [7, 13] , Figure 2 :
( )
where ε r * is relative permittivity and µ r * is relative permeability in the space of Lecher's line (ε* = ε r *ε 0 , µ* = µ r *µ 0 ).
Analogy between the Atom and Transmission Line
For electromagnetic wave in an atom [Equations (14) and (15)], and for the wave of voltage and current on the transmission line (voltage/current wave) [Equations (18) and (19)], the same differential equations actually apply [14] . Physical phenomena, described using the same differential equations, behave the same. This basically means that a study of voltages and currents at the Lecher's line may conclude the behavior of electromagnetic waves in an atom. In this case, the voltage u(z,t) on the line will represent the electric field E x (z,t) of the electromagnetic wave, while the current line i(z,t) to represent H y (z,t) the magnetic field of the electromagnetic wave [14] . Take H y (z,t) and i(z,t):
( , ) ( , )
Now apply same relations to the electric field E x (z,t) of the electromagnetic wave and voltage u(z,t) the Lecher's line, i.e., ( , ) ( , ) 0,
Below we determine the parameters of Lecher's line, along which we will equate the behavior of electromagnetic waves in the atom and the voltage/current waves on Lecher's line by phase velocities, energies, frequencies and wavelengths.
Phase Relations of Waves in the Atom and Voltage/Current Waves on the Lecher's Line
Electromagnetic waves in the atom and the voltage/current wave on Lecher's line will behave equally in phase velocity if the phase velocity of the electromagnetic wave in an atom u em is equal to the phase velocity of voltage/current wave on Lecher's line, u em = u vc * , i.e., in accordance with the Equations (22) and (23) = L'C'
From Equations (16), (17), (20) and (21) we get: (25) and (26) is 
The Energy of the Electromagnetic Wave in the Atom and the Energy of the Voltage/Current Waves on Lecher's Line
The total electromagnetic energy density, [6] , is (E•D + B•H)/2. Electromagnetic energy, i.e., the energy of an electromagnetic wave in an atom E em is obtained by integrating this expression at a time throughout the entire space of the wave:
On the other hand electromagnetic energy in the atom is obtained also by using the energy balance in the atom. From the balance of forces in the atom follows [15] :
where r is the radius of the circular orbit of the electron, q is the charge of the electron (q = -e), e is elementary charge, Q is the charge of the nucleus (Q = Ze), Z is atomic number (which theoretically is not in integer domain), m is the electron rest mass, c=1/(μ 0 ε 0 ) 1/2 is the speed of light in vacuum, β = v /c, where v is the velocity of the electron, ε = ε r ε 0 , as stated above is permittivity, ε r is relative permittivity, ε 0 is permittivity of free space, μ=μ r μ 0 , as stated above is permeability, μ r is relative permeability, μ 0 is permeability of free space, the transverse mass of the electron is m/(1 -β Using Equation (31) and noting that an electron holds an opposite charge to the nucleus, the potential energy of electron, [12, 15] , is:
The total mechanical energy of an electron W, [15] , is the sum of its kinetic and potential energies:
and according to the law of conservation of energy is equal to the negative emitted electromagnetic energy, E em ,
where V is the potential difference through which the electron passes to get an equal energy as electromagnetic energy. 
Out of the Equation (35), E
, so the radius r in Equation (31) through arranging leads to: 
On the other hand Lecher's line can be shown as the inductive-capacitive network (so-called LC network), which finally makes the oscillatory circuit (LC circuit), Figure 2 , [11] . The natural frequency ν* of LC circuit is [15] :
where C* is the sum of all small capacitances of the LC network on the open end of the network, and L* is sum of all small inductances of the LC network on the short-circuited of the network [11] . To realize the analogy between atoms and transmission lines according to the model presented in [14] , electromagnetic energy in the atom E em can be described as the electromagnetic energy of LC circuit, i.e.,
where Θ is maximal charge on the said capacitor C*. Thus, using Equations (37) and (39) we obtain:
The single Equation (40) has two unknowns, i.e., parameter C* and variable Θ. By using Diophantine equations we get one of the many solutions [17] :
The Frequency of the Electromagnetic Wave in the Atom and the Frequency of Voltage/Current Waves on Lecher's Line
Equation (40), which represents the electromagnetic energy in an atom E em , can be written like this:
is the action of the electromagnetic oscillator, and
is the characteristic impedance of Lecher's line, while
is the structural coefficient of Lecher's line. From Equations (40) , and then using the expression C* = 4πεr and Equation (45). Equation (47) shows that the natural frequency ν* does not depend on the amount of charge, but depends on the properties of the space in an atom (ε) and in surrounding of Lecher's line (ε*, μ*), structural coefficient of Lecher's line σ(χ), (which for its part depends only on the parameters of Lecher's line δ and ρ), and the radius r of the circular orbit of the electron. Indeed, electromagnetic oscillations require a charge, but amount of the charge does not affect the amount of the frequency.
If Equation (36) is inserted in Equation (47) we obtain natural frequency of electromagnetic wave in an atom:
Subsequent Physical Quantities in the Atom
Structural Constant of the Atom
In the Equation (48) charges q and Q appear in the form of the product |qQ|. In order to satisfy the condition that the frequency ν is independent of the charge, and to avoid direct or indirect involvement of the charge, the total product (μ*/ε*) ) and e are already considered as constants. This product, in the form
is called the structural constant of the atom.
Action Constant of the Atom
From Equations (44), (45) 
using Equation (50), we can write as:
By solving this equation we obtain: 
Taking into account that E em = eV it is as follows:
The extended Duane-Hunt's law we get from Equations (50) and (53) using E em = eV, [17] , and using (1-β 2 ) 1/2 = 1-E em /mc 2 and β 2 = 2E em (1-E em /2mc
2 )/mc 2 we get also a portion A 0 ν: 
From Equations (37) and (53) follows:
Wavelength and Momentum of Electromagnetic Wave in the Atom
The momentum of the electromagnetic wave in the atom is equal to the momentum of a photon, [14] [15] [16] , p em = E em /u em = E em /(λν), and according to the Equation (53) is, Figure 4 ,
In accordance to the law of conservation of momentum, the momentum in Equation (58) 
A eV / mc meV eV / mc
and using Equation (56) it becomes The ratio of the wavelength of the electromagnetic wave in the atom and the atom radius are obtained from Equations (36) and (60) using E em = eV and Equation (62) 
Equation (65) is confirmed by Equations (17) and (57).
Synchronized (Stationary) States of Atoms
A minimum of two separate oscillating processes are performed simultaneously within an atom, i.e., the circular motion of electrons around the nucleus and oscillation of electromagnetic wave energy [3] . The time period of one circular tour of electrons around the nucleus is T e = 2rπ/v = 1/f, where f is the frequency of circulation of
If assume the maximum speed of electron is equal to the speed of light in a given medium, i.e., according to Equation (28) v max = u em = F(χ)/(μ*ε*) 1/2 (to increase the speed of electron should be n ±1 = 1/n max ) from Equations (51) and (67) we get:
From Equation (74) follows the greatest possible atomic number Z max when n max is minimal and F(χ) is maximal, actually when n max = 1 and F(χ) = 1, i.e.,
Wave Equations of the Electromagnetic Wave in the Atom
Wave equations of electromagnetic wave in an atom are expressed by Equations (14) and (15). If we insert phase velocity u em , expressed from Equation (62) 
in Equations (14) and (15) 
Wave Equations (14), (15) or (77) have a lot of solutions. We will apply the solutions that correspond to the atom and the transmission line, i.e., to the LC network. These solutions are standing waves [6, 8] :
where E 0 is the maximum value, i.e., the amplitude of electric field strength E, E x (z,t) is the x-component of the electric field strength dependent on the z-axis and the time t, and H y (z,t) is the y-component of the magnetic field strength H dependent on the z-axis and the time t, ω = 2πν. All mathematical operations we perform for the y-component of the magnetic field H y (z,t) can be performed for the x-component of the electric field E x (z,t) in the same way. In the standing waves (78) the energy oscillates between the electric and magnetic form. The electrical energy is at a maximum when the magnetic energy is zero, and vice versa. Furthermore, the standing wave transfers no energy through the space because the average active power of the wave is equal to zero. The current value of the active power oscillates in both directions, + and -of z axis, with dual frequency 2ω from point to point of z axis [8] . As already mentioned, this is why (for the maintenance of stationary state of the atom) the electron has to rotate twice as fast compared to the lower harmonics (n +1 ), or twice as fast compared to the upper harmonics (n -1 ), i.e., f = 2(ν/n ±1 ) in accordance with Equation (71). If we use the second derivative with respect to z of the y-component H y (z,t) of the magnetic field strength in Equation (78), we get:
H y (z,t) = 0. After inclusion of the wavelength λ from Equation (60) we obtain:
If eV/mc 2 <<1, then eV"K = W-U, and Equation (79) becomes
The second derivative of H y (z,t) with respect to t gives:
After inclusion of the angular frequency ω = 2πν from Equation (56) we obtain:
If eV/mc 2 << 1, then eV"K = W -U, and Equation (81) becomes
Calculation of the Structural Constant s 0
Only the structural constant s 0 of the atom is unknown in previous expressions. This constant can be determined in several ways, e.g., by measuring two quantities, the voltage V and frequency ν and calculating the action constant A 0 by Duane-Hunt's law, i.e., using Equations (15) and (19), [17] . However, here we will use a more direct theoretical calculation, with only one empirical item necessary [18] . Namely, the increase of the nuclear charge in the atom increases atomic number Z. In accordance with Equation (49), the value of structural coefficient σ(χ) = s 0 2 /Z is assigned to each atom. So, greater atomic number means a lower structural coefficient σ(χ).
On the other hand, there is a critical nuclear charge which ensures stability of the atom [9, 19] . In other words, reducing σ(χ) grows instability of the atom. In general, the higher atomic number means less stability (i.e., smaller half-life, or t 1/2 ) of the atom, starting from bismuth 83 Bi (Z = 83, t 1/2 = 6 × 10 26 s, [16] . For the calculation of structural constant s 0 it is enough to find only one associated pair of σ(χ) and Z. The curve σ(χ) has no extremes, Figure 5 . Thus it is not easy to find a mentioned pair of σ(χ) and Z. In that sense, a better situation is with the phase velocity u em , specifically with the normalized phase velocity u em (ε*μ*) 1/2 = F(χ) of electromagnetic wave in the atom, Figure 5 , [9] . Neither of these two curves have extremes, but there is a sharp knee on F(χ) which can be used to determine the structural constant s 0 .
Although there is no theory about the connection between the phase velocity of electromagnetic waves in the atom and the stability of the atoms, it is still possible to use this mathematical benefit of sharp knee for those , the first derivative of the normalized phase velocity F'(χ), inverted second derivative of the normalized phase velocity F'' (χ), all versus ratio δ/ρ = χ of the transmission Lecher's line, consisting of a pair of ideal conducting nonmagnetic parallel wires of radius ρ separated by δ, which represents a model of an atom. atoms, in which there is the lower phase velocity of electromagnetic waves that exhibit greater instability. Use of this result will be discussed just a little bit later.
The nuclear binding energy per nucleon slightly decreases with increasing atomic number (starting from the first radioactive element bismuth, 83 Bi, 7.848 MeV, to the ununoctium, 118 Uuo, 7.074 MeV, about 0.31% decrease for each of the 35 atoms in that area [20] ). Physically this means that the boundary between stable and unstable areas is not emphasized. Mathematically it allows that between the two areas there exists so-called transition area, Figure 5 . This is, at the moment, the most accurate way to determine the boundary between stable atoms and the others. Indeed, the first unstable atom must be located on that border. This is a key fact to determine the structural constant s 0 of the atom.
Before calculating, we observe the first derivative F '(χ) of the curves of normalized phase velocity F(χ) of electromagnetic waves in an atom ( Figure 5 ). When this derivative is greater than 1, it means that the phase velocity rapidly declines, that is a zone of unstable atoms (2 < χ < 2.1295317). It should be noted that the situation χ ≤ 2 is theoretically impossible because then there is no Lecher's line.
When the second derivative F''(χ) of the normalized phase velocity F(χ) is greater than 1, it means that the phase velocity starts to rapidly decline (Figure 5 ), this is a transition zone (2.129 531 7 < χ < 2.382 788).
The border crossing from the transition zone to the stable zone (i.e., χ 0 = 2.382 788), in accordance with the experiments, [20] , is closest to the bismuth atom. Bismuth atom ( 83 Bi) is the first unstable atom, in the entire chain of stable atoms, which ends with lead ( 82 Pb). The corresponding value of the structural coefficient in that place is σ(χ 0 ) = 0.825402, Figure 5 . Bismuth is a chemical element with atomic number Z = 83, with half-life more than a billion times the estimated age of the universe. Even though charges in reality take discrete values (e, 2e, 3e, Ze), theoretical value of Z in Equation (49) 
System of the Elements
After calculating the structural constants s 0 the structural coefficient σ of each element can be determined. For this purpose we use Equations (46) and (49), Figure 6 , i.e.,
It can be seen that there is a maximal atomic number, 137, just as it is defined in Equation (75 ). This is the reason that all three of these particles are in the same place as hydrogen (Figure 6) , [21] .
To the similar results regarding the elementary particles otherwise on original way came Giuseppe Bellotti, [22, 23] . He was also given new periodic classification of the elements on the basis of standing waves in the atom, using wave equation of potentials of the electron and positron, similar to the Equation (77) of electric and magnetic fields in this paper.
Conclusions
Maxwell's equations, together with the Lorentz equations, proved to suffice for the construction of a model of the atom. This model is made by analogy with the transmission line (Lecher's line Using the synchronization of two phenomena within the atom, the electromagnetic wave and the circular motion of electrons, stationary states of atoms are derived. It has been shown that two directions relative to the base state (n = 1) are possible. One is shift of the electron out of the center to the outside (n ±1 = n
+1
; n = 1,2,3…), and the other is a shift in direction to the center of the atom (n ±1 = n -1
; n = 1,2,3…). The first is a classic, well-known for a hundred years. The latter is a novelty, and it makes possible the formation of neutrons and hyperons using protons and electrons, as is the case by hydrogen.
Structural constant of the atoms was determined with the aid of Maxwell's and Lorentz's equations. The amount of structural constant 8.27756 is determined by the rapid decline of the phase velocity of the electromagnetic wave in the atom. It happens to the bismuth atom.
Finally, it was found that the atomic number cannot exceed 137, meaning that it is still theoretically possible to detect another 19 so far undiscovered elements.
